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pronot er, a indapenrentioe éheﬁcplﬁtﬁ'ﬁ’@ﬁnéptﬁmﬁ"béﬁc@'cm‘*dﬁﬁt i mggiptes tegintixof 1
promoter. | My hdieBld. Ea;olefébt@mﬁaﬁlﬂﬁ: dohaeoRafe. tdiacdaroams)ais web as vaiold ng
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pronot er . | rard aptifolaies al aidiopHpE&h bﬂt’fm@@e fé M‘thﬁ ®e) pRdABREPIe in the

control i ng Jgqlidnaf86th idtsCahd@htitbiBRs fri thelppepénrnuéstné.i de is a SV40
pronmoter. In another preferred enbodi nent of an expression vector of
the present invention the first polynucl eotide and the second

pol ynucl eot i g@hated trakport tone, cowiiciothe plesent nyentiomistbesads tirelyssifdaie
promoter. Praf %Ecﬁ?il]:ﬁs) FRHE Qreth'f rh?fﬁtﬁ& Bta't@ﬁlndﬂ{g%ﬁbtel@ eﬁ&:’d@@bﬁtﬂre%@%ﬁfhct
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pol ynucl eot i ound at e receptor into
t he” eukar yot2087 Re/dt P&éﬁ S%T%raﬁfgredt%aw P §’§EF%{"%‘ET"8F‘M& °F’?%'tf
according t OpnBtBiﬂs RIteSRXE0% avienkiioleamnardeonteni2geth 236 amiargids pevtless as
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recept or dertoyed Eﬁwmﬁr@iﬁﬁ?ﬁﬂ?hoﬁf‘%%t}?s&%‘ (@PY-eneharedseed SUTasP SYCRRARY e
derived fronygrdR@aRts dedsid ofDSPI Anciidraheiksaaderetd protsm. FRY EReslhe CEFRS.
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receptor nmay be used as selection marker for a rodent host cell, e.g.



In a further aspect, the expression vector according to the present
invention can additionally conprise one or nore further

pol ynucl eoti de(s) encoding one or nore additional selection

mar ker (s) WRARBHHYly, in a preferred enbodi ment co- s@CEEPREB/068046
utilizing the folate - 13 - system of {she present invention together
with one or nore different selection systen(s) (e.g. neo/ (418) can be
applied to provide optinmal performance. |In another aspect, the

present invention relates to eukar vot.i Whi

D 251 11ty | SoebRERYEH CSRorBr el TRPRAL e SEprentSaVeRhel Fut b
cell a firstenpojopicuehaitytand elldwed &ar sgrmehdeyplopmeitessi on vect or and
encodi ng a functional nenbrane-bound folate receptor and a second

pol ynucl eoti de | ocated on ap_expression.vector and_encodi t

product of ieetigan opNnd ”B%‘gfﬁr %?ﬂ%?‘ﬂ?hﬁyﬁ{f‘?c P g.t\"/ﬁ%fg'regtl S%‘e? z Splg?rgt
pol ynucl eot iwlecheovercbines eeco mdrept thegriiseth@otapereof drecseleplicatsesieahkiowe U e
expression veetor or on separate an expression vectors. In a
preferred enbodi nent thereof, the functional nenbrane-bound fol ate
receptor and the product of interest are expressed by the eukaryotic
cell. I n addsdnmedty bfahd ineerftiomct i onal nmenbr ane- bound fol ate receptor
introduced into the cell line via an expression vector, the
eukaryotic cell according to the present inventiaon can_coq¥

: i se at
east one. erBEGEREEPOIRBIPERRI0 AR PR BT VAN OMBTRITS & ¢

Bt e

transport sysiyaldiedife BRbling b katticnaenabramereuaidapeamp®r dntrsdacomal
menbr ane- bound fol ate S . LS an advantage of the present
i nvention tH yn¥%g%%%?ﬁgﬁﬁg%8@%@%8?#%%*@8 descri bed herein bel ow can
be utilized even in the presence of such endogenous unidirectional
functional fleah@ehtiRBRAPMithSYSReRI0 bukaryolthelefosudth @hdagentiyss syst em
is retained. Accordingly,..a f . i

the. ouicar yotd=Boar ik Yk g e ihd i SERRSLTRr ki, bR Sahy

| east one erictoglecmissciuihpidhe Bottioos fiiate (paerterenesdes By e destprdneprrseed by
system whergl gyguch endogenous unidirectional functional folate
transport system preferably conprises at | east one endogenous
functional menbrane-bound folate receptor. In a preferred enbodi ment
t her eof , t heFuethelogen therdsanidnvetivalrelatesioraaskectraurrihaddrrareidndd@ept or i s
sel ected framddi | Sdobh8 ofdtatiy expletdial Be hREERbOKeRETMAIgE FRa)
and t he folgg% reégggggwﬁggga%%gp) Ang?ﬁgr p?%fe?red enbodinen?
relates to d“@ﬁkaryotic cell according to the present invention,
wherein the endogenous unidirectional functional folate transport
system for gxapnl& i%%n'c?h AQordbly b&atiteFin 9.prdRB8s 1BNAQEBRAWS the product of
functional nenbrane-bound folate receptor, is lacking full activity,
i.e. is attdnig®ednniosyersatt enuati on can be provided for exanple by
any type of nutagenesis of the endogenous folate transport systemin

questi on, e-gﬂmhgge%nggg%ﬁmgﬁngﬁgtional menbr ane- bound fol ate
receptor, f mut at i on, gene di sruption, and the

| i ke. The attenuation can be a partial or conplete. Inthe - 14 -

| atter case bR RUKkabiBE presaeinkersiog thds ngy swpdsinglypeesibntd thaheemtesion
does not conpris n._er f i Mol I i
folate trans 8¢W§%§§?%ﬂgq%%@$H%WE%%%%g@E%Egggﬁﬁ%??gﬁgﬁ%ﬁiﬁﬁggﬁgwﬁggﬁd
fol ate recepieobe bagsdondienyipd avpilphiy eferfeatedhd ol e merEmphesysipm wil
invention relatigsy sRicuehia ekikalyoid @I arich colbler eatiitadependsrupsisinen
vector of the reﬁer¥ i nvention has been stably introduced, and which
cell is |ackierli®ftivity of at |east one endogenous functiona
menbr ane- bound folate receptor. Wth respect to the expression vector

i ntroduced !ﬂieﬁogéis%té_h@@én tféalfslad RAthe GY¥IRREd SHeclaT Eaeertiy dnbiestpbiaseet
Invention, 1ncluding.its prefterred emnodl S G S N,
KN rsrerb s PG Ehsb i aenre D sl RS R o

can be utili%?é&Yd ukar yot I ¢




I n anot her enbodi nent the present invention relates to a process for
production of a eukaryotic cell according to the present invention,
sai d process conprising providing an eukaryotic cell for which

cel lul ar WABYPH3Y54 s dependent upon fol ate uptake, an@CTHPRGHOSIg a
first polynucleotide |ocated on an expression vector and encoding the
functi onal nenbrane-bound fol ate receptor and a second pol ynucl eoti de
| ocated on an expression vector and encodi ng the product of interest,

wherein the first pol eotide a con re

| ocat ed on tHETOHRAR! péch %ﬁg%ﬁb‘i?g?;et‘grcytg[?x'%ﬁ egé‘? re" an ex&’rn g%t%
vect ors. | n ahepkefarseldiopspaehsere ISDh@SSEDfraéfBeepéﬂWﬁmlse@\Pi"ﬂ@ fa%@'%) he
second pol y'?%cﬁi%lﬂ@ 1sa5rsw&éacea§ %9' mgiétnﬁd'tﬁ kSGABg BXRNESHRhAR geRSEPSince

whi ch, in a nost ?erre I on vecto

accor di ng t ¢4 RBY ISF %@’E'Pﬁ dlsﬂl\%ﬁﬂ h‘@?‘?r a'%”'@ fora@r}ﬁ‘? écl@@z " {9F %’faﬂjp Y ad
ot her aspectiewbvdriheKipr eg@ntnd tranemiirts folic red @mtoasils \da a unititdebahal pathway the
sel ecti on ofy A SUKARKSI Y Siedr 12ARBLI AERSAD]taBHEr B8R BpRpsatuct

of interest "eAE an expression vector whic en int F
into the celmafk@b’ﬁﬁpmﬁddb’m"(qnﬁ mefaRRHF 87'PREDE rﬂ?riﬁ?ra[‘??ryt)c%?r ‘@%Wﬁ‘? Eﬁ% tle

cells for \Mue@rrolcca{cldmh@prnvauoalnndnmﬁeygrmndeplemdﬁmnouqsmtemaﬁeelagtoaﬁean
and into whigh Ilanet rate t‘né&f&vetp&%té@fdﬁ%gg%égggaé%aﬁ%i%@gn@%ﬂave@xpreSS' on

vector and éRco unc ol ate receptor and a
second pol ym&r@ﬂewﬁw of st RigielR NAYIteRHPBREPER CHksCR B1° aRRRTCR ALBII Y

the product gfg deltictdrRstolinyg ubrenvdrioly edigpdssiongsteins t he first
polynucleotlde and the second pol ynucl eotide are |ocated on the sane
expression vector or on separate expression vectors, (ii) culturing
sai d pl ur al iThg nofel seictioy aistem shevs severgl igpeidant a‘?}’amﬁgﬁséwﬁ'ﬁ&i“f’&?ﬁ”h%@t}?'ﬁ@ a
limting conganbledl iheBidfata fol ate, thereby obtaining a eukaryotic
cell wherein stable expression of the product of interest is
achieved. In principle, such folate can be an oxidi zed folate or a
reduced f ol at &he fiefigr sye@mi ascadingioi toh presenf ipyeatien is aleY RadihsgReHeN YBERT

is folic aC'\Ql‘Ih:ﬂ%ENJ&@&Q&fc akie déﬁ}ﬁaﬂidn%éﬂ |p8;91laﬁlﬂﬁ)5ﬂﬂor@fceﬂ déplatiies t he

sui tabl e concentration in ned.

skilled in tofesyRg tl‘%taéﬁ%%?rﬁé’ﬁnga ﬁyfa}ﬁ’%ﬁﬁ%adﬁf’é'aﬁ?%%StESsmo nt{aﬁgsgrf%%r{nto
cel | and t henstsisygenoygniahed flwve whigit ey requicenif triooths piselsstionpHi ed. I n
case that f hdsthStaSedeRs the folate, for exanple with a CHO
host cell, %Hsbﬁllzﬁ%h?e coa#?:ee%rati on of folic acid in the cell culture
medi um for a stri ngent sel ection process would be about 100 nM or

| ower, pref er akd selathaidysidt aabdrding todiepresent inedntert dokd notiveqiire lagaeemic For

exanpl e, a Su%gigg!f%uﬁmﬁ%%ﬁnegge% el supﬁés'@ﬁe%s‘omwnﬁ%e%@é Mfr 1 N

t he range of e ran
-100 nM norte traséeciqnaagdjhys gap H%arrpé{?fbfe am reG'PT”trﬂei' evepyieA RPY? E“Cl?g?’}?és
range of 1 rdg geh@@xméés:ohlsmWese This @éyeadvardadeds bdsed uporgbe Gkt tBatddidwing/

-30 nM - é%ﬂ éfgh%hihqgggﬁecq ofthea E%Q%S&MO hfaasrukfém%e@re Bephvditth o0

nM the ran e ran
exanpl e, t hdoltes {ecg. &b¢ éC!@dfﬁ’meth Qfawihdﬁedilﬁ‘ Caesegugntly.Qglviigrefesiand pelgwhich

sui tabl e forg, r%gseﬁédifﬁﬂnt%ﬁﬂUQEOﬂtﬁMselﬁﬂfMe FZFQﬂ‘(NRQrphaﬂ‘ﬂv’kerlcan gasport hat a
reduced fol at

cess
t he concent r4t" F‘S’Pflﬁiﬁﬁ@f S&Ptag'dﬂah?phreelé? at'%n ang %? mhigr%t)gr? Lrﬁg%lr:@gsnlﬁg illed
in the art iahserceof atasgeifigant eletatien Wé"@:ﬁﬁxp@ﬁ%@ﬁ of ﬂwrensiﬁ@nﬁ@)%%%@ﬁl alpiay
the stringengye. %15@"@ cSRIa8Qb EIQVDWNTX lsyQﬂm‘t rﬁerb@neamﬂok@d whistiGthe recipient

concentrati on he cel

exanpl e be %! stqf%fr?%ﬁﬁté J(?*etetﬁi gt ?\)F"dﬁg?wﬁ gllr#% % %ggehﬁle%glsa%
process. | n GH® Dot ¢edls). enbodi ment t hereof, the rret hod for sel ection
further conprises identifying and isol ati ng a eukaryotic cell wherein
stabl e expression of the product of interest is achieved. In a nost
preferred enbodi nent of the nethod for selection, the plurality of



The product of interest, for exanple a pol ypeptide, produced in
accordance with the invention may be recovered, further purified and
i sol ated by nethods known in the art. For exanple, the pol ypepfide
may be red¥Qer@d3¢7Pdbm t he nutri ent medi um by convent i oR&T/ERRI8EEHA#6es
including, but not limted to, centrifugation, filtration,
ultra-filtration, extraction or precipitation. Purification may be
performed by a variety of procedures known in the art including, but
not limted mat ogr a

ycirophobi o, GhF STHBT BR0S! e ngss bl RiaRAEes Ryl e togeo
procedur es (@ﬂrgencymf eqlention Nﬂéo allevigtjon.of F@éele@fb’? Pieésmi)\fi@l E'Frﬁ@*}ed eXPfeSS‘On

di fferenti al orapdchdiive tau)és&aefogte (RERD oMb § keadea e%r@ééioﬂlo'f b leAdgeMus

extraction. furt ect t ent | ates to
t he use of aRA'\f%ﬁ%'tsl"B?l a@ﬁés USG%@EFE% § twmere }égo?#r\%}pha% 1%€ction
mar ker for seitsadingmfioty far felu:leandy!é@aw B the RF@rdisﬂhV&ﬁﬂ extreaely pedr effigie |
cellular vi alel fblﬁctééld' Rmd@@mdm} InQﬁmH%? viijua kforaft sbiedtidk @ysie@r%dndmﬁr@hhe

eukaryotic cel e|n stably ex ssi n

[t or oot | WIRHTRVE S/ R P BB Sor OF CLR-iIde! >R Bfogtaon M
receptor is @&bﬁxmt Eiefxfressmnant bedls garoeerecioeTsly sbtained bt hetrend wlpatresetegioblpt or
al pha (FRa), érpé;"r ge?sﬁcﬁx fn?g%oﬁogé ofGichod &ile Rlﬂf%e%nfrﬂﬁz%ﬂ@@énsﬁ@ﬂeﬁﬂﬁ
thereof. Preferabl e ate receptors utilized wthin this as ect
of the presd¥eonad ﬂqqeaﬁn?ﬁh@m%@fMP%&?@&EHP%T'H%W%F'&W@t?B%%Ltﬁtaﬁ

t he human f alegtient agb@eneet phaivatal phtaticfRa )hebFOgenp bedeeere dds ofRFG gme
preferred e I ts of this aspect of the represent invention are
descri bed heréein, I'n particular with respect to the eukaryotic cell
and the expression vector. The full contents of the texts and
docunents a%)ﬂﬁ@&éléﬁﬂ&dsﬁ%ﬁ&dcﬁor&h@tcﬁ e prepol atetohdresinat Usy arcebexiedmeg.
The foll ow n xa

Wi thout in aaﬁg n@gen?c ctso?r{;l)}él?r}d s?ncrln H M?)E [n%eeDHihfgsgnye%?@rrl\ﬁsl% ﬂ?(rg{éé %ﬁtem
exanpl es relthatean dtepﬁ@fgemq{@@ Oéﬂ?ﬁé?ﬁﬁ'?@ﬁﬁ%‘s 8% welhas %F@é@ﬂ%‘ oA/ ITIPTEN.
Exanpl es | n @enerRd Fr b8ectiombftirdsahs priveilel ob agtivaton ef dvitafihGifonahe growth
reagents, are famliar to the skilled person, commercially avail abl e
and can be U8¥Y™n accordance with the manufacturer's instructions.
Exanpl e 1: High-level expression of a reconbinant antibody utilizing

the fol at e- reealhay, .@mpwh@qﬁés@m |Mﬁﬁcﬂﬁhtﬁx§§@£ﬁ)aleulaw&?éw&@’é§dmﬁn
Vectors A plasmd v

tor sui.t ab
expr essi on |Vﬁ°t8rlﬁ95}p§}8?q %Frﬁteqolyguc"?oﬁgep%f)é &f g’rnd% ”beanebﬁ %%Era g
both (i) an receptoesi tomsaiesablst hakentgend) apd apedone golynupleblifa @otasingiadeoduct
encodi ng theshgawy and light chains of a secreted reconbinant human
- 18 - antibody of 1gGlL type, and (ii) an distinct expression
cassette which conprises a polynucl eoti de encoding a human folic acid
recept or al phandtibrdReemasine-bbedifelitt eecaptokaxorgiop & the grese gtvendiot 8d t o
expl ore the p%Ft cbigljlye&éﬁyed%fs aﬁ‘t‘?rlcﬁ&{all H&n%n@ﬁ%ﬁh PJ@pt@hc!:aBQQle ottJnﬁﬂéét@ﬁ:éled

cell s under concentrati ons of folate, i.e. folic acid
the cul ture ‘W’éQiTQIh‘P‘aE(ﬁrae@E‘iedﬁc’ 6?“'@Wé’“%€ﬁ’l‘an folic acid receptor al pha

(hFRa) is under control of an SV40 pronoter and a standard (5V40)
pol yadenyl at B@%esacg%@bp iR ESA Rlboln éatﬁ%atﬁ@r%ggp'oﬂé‘l%d el (BOBfc bo) or

under contr ol ter and a standar yadenyl at’i on
signal . As & redised Hlatg in Q?”e&ahéf%ﬁﬂabpe yeedy! within thg pé‘?sﬁ‘i“tl’%i’te”%%ﬁts giddn
\('ﬁCt 0; IS Us@6h fo@wmbmphm@oﬁa@m t#keh P pEtya edkagolicak bpthetilretidaRal pha
FRa) expressi,on Gass o1 el
ér}bé%ng &gnoe ftoFa% rece§ éjgf‘%{r@d an@le%?grgﬁ& ﬂﬁd folite fol&alcld

phosphot ranst ne-as a
and Growt h Coefeiired exasplehiirprused ﬂ@@ﬁ%tﬁéﬁr 5-epgtiyly ted éil‘!dd?fﬂé AeigEforhm

strain CHO Kdiraf{®ofoR 1d-RimetbtrdRnedfsiolis d6ipanss @mmmybhé-&atrﬁlﬁyﬁlfhfdhb@ﬂa in
suitable chem cally defined growh nediumcontaining 2.3 pM(m croM

folic acid.



For analysis of folic acid dependency of cell survival, a folic acid
starvation experinment is done using folic acid concentrations ranging
from2300 nMto 0.1 nM Cells are cultivated in such nmedi um and cell
viabi | ity WA2H#4807%%d to quantify the percentage of suP¢il{EPHYSE@EP46s.
Table 1 summarizes the results obtained,with the CHO-KI cell line
menti oned above. Table 1: Survival of cﬁo cells at different folic
acid concentrations: FA Concentration [nM Precentage of Survival 0.1

2.08 1 2.45 !ri3 a %regégreg 'e%bggmgﬁt?thél' gx%re%gbr? ve%%? of the present invention is capable of
expressing both the functional membrane-bound folate receptor and the product of interest

in a eukaryotic ceil.

The product of interest encoded by the second polynucleotide can be any biological product
capable of being produced by transcription, translation or any other event of expression of
the genetic information encoded by the second polynucleotide. In this respect, the product
will be an expression product. For example, in a preferred embodiment, such a product is
selected from the group consisting of a polypeptide, a RNA, and a DNA. A "polypeptide”
refers to a molecule comprising a polymer of amino acids linked together by peptide
bond(s). The term "polypeptide” includes polypeptides of any length, which may be called
“protein” in case of a larger molecule (comprising for example more than about 50 amino
acids), or “peptide” in case of a smaller molecule {comprising for example 2 — 49 amino
acids). The product can be a pharmaceutically or therapeutically active compound, or a
research tool o be utilized in assays and the like. In a particularly preferred embodiment,
the product is a polypeptide, preferably a pharmaceutically or therapeutically active
polypeptide, or a research tool to be utilized in diagnostic or other assays and the like. In a
most preferred embodiment the polypeptide is an immunoglobulin molecule or antibody, or
a fragment (in particular a functional fragment) thereof, for example a chimeric, or a partly
or totally humanized antibody. Such an antibody can be a diagnostic antibody, or a
pharmaceutically or therapeutically active antibody. Typically, the product of interest will be
heterologous to the eukaryotic host cell used for expression, which means that the host cell
does not naturally or endogenously produce the product of interest before transfection.
Rather, in order to achieve production or expression of the product of interest a
polynucleotide encoding the product of interest has to be introduced into the eukaryotic
host cell, in particular by transfection with an expression vector according to the present

invention.

A vector according to the present invention can be present in linear form or, preferably, in

circular form, e.g. a plasmid.

Vectors used for expression of polynucleotides of interest usually contain transcriptional
control elements suitable to drive transcription such as e.g. promoters, enhancers,
polyadenylation signals, transcription pausing or termination signals. If the desired product
is a protein, suitable translational control elements are usually included in the vector, such



88.

6

19 - 1000 100. 8 2300 100

WO 2009/680759 PCT/EP2008/068046

-10-

as e.g. 5 untranslated regions leading to &' cap structures suitabie for recruiting ribosomes
and stop codons to terminate the franslation process. In particular, both the polynucleotide
serving as the selectable marker gene as well as the polynucleotide encoding for the
product of interest will be transcribed under the control of transcription elements present in
appropriate promoters. The resuliant transcripts of both the selectable marker gene and
that of the product of interest harbor functional translation elements that facilitate

substantial levels of protein expression (i.e. translation).

Accordingly, a preferred embodiment relates to an expression vector according to the
present invention wherein the first polynucleotide and the second polynucleotide are under
the control of distinct transcription promoters. In general, a promoter capable of promoting
expression, in particular transcription, of the first and / or second polynucleotide in a
eukaryotic will be suitable. In a preferred embodiment, the distinct transcription promoters
are the same. In another preferred embodiment the distinct transcription promoters are
different. Preferably, the transcription promoters are selected from the group consisting of
an SV40 promoter, a CMV promoter, an EF1alpha promoter, a RSV promoter, a BROAD3
promoter, a murine rosa 26 promoter, a pCEFL promoter and a B-actin promoter. In a
preferred embodiment thereof the promoter controlling the transcription of the first
polynucleotide and / or second polynucleotide is CMV promoter or, mostly preferred, an
SWV40 promoter. In a particuiarly preferred embodiment the promoter controlling the
transcription of the first polynucleotide is a Sv40 promoter.

In another preferred embodiment of an expression vector of the present invention the first
polynucleotide and the second polynucleotide are under the control of a common
transcription promoter. Preferably, such transcription promoter is selected from the group
consisting of an SV40 promoter, a CMV promoter, a RSV promoter, a BROAD3 promoter, a
murine rosa 26 promoter, a pCEFL promoter and a B-actin promoter. In a further preferred
embadiment thereof the commaon transcription promoter is an SV40 promoter. A further
preferred embodiment of the expression vector having such a cormmen transcription
promoter comprises an |RES element functionally located between the first polynucleotide

and the second polynucleotide.

The membrane bound folate receptor as introduced into the eukaryotic host cell by means
of an expression vector utilized according to the present invention can be derived from any

species as long as it will be functional within the present invention, i.e. compatible with the
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06418 (mg/mM) C mAb (ng/1l) Test vector (hFRal pha (hFRa)) 10 none 25
1 none 24 Control vector (Neo) 2300 0.8 8
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Another preferred embodiment relates to a human folate receptor beta (hFRB) having the
foliowing amino acid sequence (SEQ 1D NO 2, 1-letter code, shown in direction from N-

terminus to C-terminus):

MVWKWMPLLLLLVCVATMCSAQDRTDLLNVCMDAKHHKTKPGPEDKLHDQCSPWKKNA
CCTASTSQELHKDTSRLYNFNWDHCGKMEPACKRHFIQDTCLYECSPNLGPWIQQVNQT

WRKERFLDVPLCKEDCQRWWEDCHTSHTCKSNWHRGWDWTSGVNKCPAGALCRTFES
YFPTPAALCEGLWSHSYKVSNYSRGSGRCIQMWFDSAQGNPNEEVARFYAAAMHVNAG

EMLHGTGGLLLSLALMLQLWLLG

In an alternative, the present invention relates to a folate receptor which in its natural
environment is not membrane-bound. Such a nen-membrane bround receptor can be
mutated in order to become membrane-bound, for example by providing a fusion protein
between the non membrane-bound folate receptor and a transmembrane region of another
polypeptide. Likewise, other mutant forms are possible which would be readily available for
a person skilled in the art. Preferred examples in this respect would be based on the
soluble folate receptor gamma (FRy), preferably the human soluble folate receptor gamma
(FRy). In a most preferred embodiment thereof, the human soluble folate receptor gamma
(FRy) would have the following amino acid sequence (SEQ ID NO 3, 1-letter code, shown in

direction from N-terminus to C-terminus});

MDMAWQMMQL LLLALVTAAG SAQPRSARAR TDLLNVCMNA KHHKTQPSPE
DELYGQCSPW KKNACCTAST SQELHKDTSR LYNFNWDHCG KMEPTCKRHF
IQDSCLYECS PNLGPWIRQV NQSWRKERIL NVPLCKEDCE RWWEDCRTSY
TCKSNWHKGW NWTSGINECP AGALCSTFES YFPTPAALCE GLWSHSFKVS
NYSRGSGRCI QMWFDSAQGN PNEEVAKFYA AAMNAGAPSR GIIDS

which then may be mutated or otherwise genetically altered or derivatized to form a
functional membrane-bound folate receptor capable of folate uptake within the context of

the present invention.

in a further aspect, the expression vector according to the present invention can
additionally comprise one or more further polynucleotide(s) encoding one or more additional
selection marker(s). Accordingly, in a preferred embodiment co-selection utilizing the folate



2300 none 0 -21 - Exanple 2: Reconbi nant anti body production |evels
increase as a function of the decrease in folic acid concentration in
the growth medi um Exanple 2.1: Expression vector A plasnmid vector
(i.e. the WRIPO¥IPHr) as described in Exanple 1.1 aboVPETER2098/8¢30¢fed.
Example 2.2: Cells and Growth Conditiongs_ Chinese hanster ovary cells
derived fromstrain CHO K1 are nai ntai ned under nonol ayer culture
conditions in chemcally defined growh nedium RPM - 1640 contai ni ng

2.3 pM (nicr 9%"28? b §rcR6 t%vermﬁt&ggéhbﬁmﬁroﬁe Bﬁﬁ&b@&er@ﬁt@ekﬁﬁ’dﬁ%?&é%% (e.g.

activity, wher e and Schi nke

(1987) Proc “9N§t4l‘8)CA&QEapFéE‘i“OPLBNGS’H“W}ES'TPW?L@S Rothem L., et al.,
Mot . PharnmacolL 68: 616-624). Such a RFC-deficient cell is used to
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t. 10
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cont ai ni ng @olas rqeiptbodridghearrpdlchefdtEed awxmeswmtheﬁwéawm%ﬂ ection
utilizing the folate systemof the present invention together with an
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1.4 above e concentration o e secreted anti I's nonitored
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receptor beta (FRB).

Another preferred embodiment relates to a eukaryotic cell according 1o the present
invention, wherein the endogenous unidirectional functional folate transport system, for
example comprising at least e.g. one endogenous functional membrane-bound folate
receptor, is lacking full activity, i.e. is attenuated. Such attenuation can be provided for
example by any type of mutagenesis of the endogenous folate transport system in question,
e.g. the endogenous functional membrane-bound folate receptor, for example by point
mutation, gene disruption, and the like. The attenuation can be a partial or complete. In the



As depicted in Table 2 below, the levels of reconbinant anti body
production correlate with the stringency of folic acid deprivation.
Hence, anti bod roduction |l evels increase as the concentration of
folic aci dwe&ﬂ%’@g‘i'fﬁ%t ion is decreased in the nedium THEIEPRESF0E
further corroborate the proof of conceptsthat the hFRal pha (hFRa)
gene is an efficient selectable marker that can be used for the
over expression of recombinant proteins under conditions of folate
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eukaryotic expr t%sm(sgangt]ﬂ )Srréé%%n? nvgrﬁggrel SQQ l?chf 'eru§§ leym%ﬁpérl Q@resaon

encodi ng a fUNC {'¢€ Tect ptor an

pol ynucl eot i \etoeeldepiAggnBINnERILEE baen ﬁf?ﬁ'lélﬁ'é%dtlcedvﬂé’r"é]'% ehis lIgkibaiit of

i nterest is RimyarMB&RUéieEAldnels firitedrapasthbréd-boin@late/@cdptora

di agnostic polypeptide. 2. The expression vector according to claim
1, wherein the first polynucl eotide and the second pol ynucl eoti de are
under the c ONithy igbpast todhiesaxpiestion veaigsibiredueento 5ai6 it 6glsany expression vector of

the present invention, including its preferred embodiments, as described herein, can be
utilized. In a preferred embodiment of the eukaryotic cell of the present invention the first
polynucleotide encoding a functional membrane-bound folate receptor and the second
polynucleotide encoding the product of interest are located on the same expression vector.
Preferably, such expression vector is and expression vector according to the present

invention, i.e. as described herein.

The eukaryotic cell according to the present invention is, preferably, selected from the
group consisting of a mammalian cell, an insect cell, a plant cell and a fungi cell. With
respect to fungi cells and plant celis, which usually are prototrophic for folates (i.e. such
cells can autonomously synthesize their own folates necessary for their cellular viability, i.e,
cellular growth and proliferation). The present invention encompasses in particular such
fungi and plant cells which may become auxotrophic for folates. This may be for example
due to genetic manipulation, i.e. cells are now unable to synthesize sufficient amounts of
folates necessary for their cellular viability. For example, the capacity of such fungi or plant
cells to endogenously biosynthesize folates, €.¢. via an appropriate metabolic pathway, will
be inactivated, e.g. by gene disruption or gene silencing of appropriate target genes, or

inhibition of key enzymes, etc.

In a preferred embodiment thereof the eukaryotic cell is a mammalian cell. Preferably, such
mammalian cell is selected from the group consisting of a rodent cell, a human cell and a
monkey cell. Particularly preferred is a rodent cell, which preferably is selected from the
group consisting of a CHO cell, a BHK cell, a NSO cell, a mouse 3T3 fibroblast cell, and a
SP2/0 cell. A most particularly preferred rodent cell is a CHO cell. Also preferred is a
human cell, which, preferably, is selected from the group consisting of a HEK293 cell, a
MCF-7 cell, a PerCe cell, and a Hela cell. Further preferred is monkey cell, which,
preferably, is selected from the group consisting of a COS-1, a COS-7 cell and a Vero cell.



3. The expression vector according to claim1, wherein said vector
conprises an | RES el enent functionally |ocated between the first

pol ynucl eoti de and the second pol ynucl eotide, 4. The expression
vect or acctP@rBEsY’8® any one of claims 1 to 3, wherein tR¢E/BRIHBOISHa]
menbr ane- bound fol ate receptor encoded_py. the first polynucleotide is
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(ifi)culturing said plurality of eukaryotic cells in a cell culture
medi um having a limting concentration of a folate, thereby obtaining
a eukaryotlc cell wherein stable expression of the product
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conmpounds <130> 52412- WO PCT <150> EP07150326.2 <151> 2007-12-21
In a most preferred embodiment of the method for selection, the plurality of eukaryotic celis

is composed of eukaryotic cells according to the present invention, i.e. as disclosed herein.

Further preferred embodiments of this aspect of the represent invention are described
herein, in particular with respect to the eukaryotic cell and the expression vector.

Another embaodiment of the present invention relates to a process for production of a
product of interest, comprising

(i) performing a method of selection according to the present invention, i.e. as disclosed
herein,

(i} and isolating the product of interest from said cell culture medium or from said cell.

Again, preferred embodiments of this aspect of the represent invention are described
herein, in particular with respect to the eukaryotic cell and the expression vector.

The product of interest, for example a polypeptide, produced in accordance with the
invention may be recovered, further purified and isclated by methods known in the art. For
example, the polypepfide may be recovered from the nutrient medium by conventional
procedures including, but not limited to, centrifugation, filtration, ultra-filtration, extraction or
precipitation. Purification may be performed by a variety of procedures known in the art
including, but not limited to, chromatography (e.g. ion exchange, affinity, hydrophobic,
chromatofocusing, and size exclusion), electrophoretic procedures (e.g., preparative
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extraction.

A yet further aspect of the present invention relates to the use of a functional membrane-
bound folate receptor as a selection marker for selection of a eukaryotic cell, for which
eukaryotic cell cellular viability is dependent on the uptake of folate, and which eukaryotic
cell being capable of stably expressing a product of interest. Within a preferred embodiment
of such use, the folate receptor is selected from the group consisting of the folate receptor
alpha (FRa), the folate receptor beta (FRp), and a fuctional mutant thereof. Preferably, the
folate receptors utilized within this aspect of the present invention are the respective human
folate receptors, the human folate acid receptor alpha (FRa) being preferred. Further
preferred embodiments of this aspect of the represent invention are described herein, in
particular with respect to the eukaryotic cell and the expression vector.

The full contents of the texts and documents as mentioned herein are incorporated herein

by reference.

The following examples serve to illustrate the present invention without in any way limiting
the scope thereof. in particular, the examples relate to preferred embodiments of the

present invention.

Examples

In general, the materials mentioned herein, such as reagents, are familiar to the skilled
person, commercially available and can be used in accordance with the manufacturer’s

instructions.

Example 1: High-level expression of a recombinant antibody utilizing the folate-receptor

based selection system

Example 1.1: Expression Vectors
A plasmid vector (i.e. the test vector), suitable for expression in eukaryotic cells, in

particular CHO cells, harboring both (i} an expression cassette which comprises a
polynucleotide encoding the heavy and light chains of a secreted recombinant human
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polynucleotide encoding a human folic acid receptor alpha (hFRa) as selectable marker
gene, is constructed to explore the efficiency of selection of hFRalpha (hFRa)- transfected
cells under limiting concentrations of a folate, i.e. folic acid, in the culture medium.
Expression of the human folic acid receptor alpha (hFRay) is under control of an SV40
promoter and a standard (SV40) polyadenylation signal. Expression of the recombinant
antibody is under control of a CMV promoter and a standard {§V40) polyadenylation signal.
As a control (i.e. the control vector), a similar expression vector is used, encoding the same
antibody, and lacking the hFRalpha (hFRa) expression cassette, but containing a neomycin

phosphotransferase gene as a selectable marker.

Example 1.2: Cells and Growth Conditions
Chinese hamster ovary cells derived from strain CHO-K1 are maintained under suspension

culture conditions in suitable chemically defined growth medium containing 2.3 pM

{microM) folic acid.

For analysis of folic acid dependency of cell survival, a folic acid starvation experiment is
done using folic acid concentrations ranging from 2300 nM to 0.1 nM. Cells are cultivated in
such medium and cell viability is analyzed to quantify the percentage of surviving cells,
Table 1 summarizes the results obtained with the CHO-K1 cell line mentioned above.

Table 1: Survival of CHO cells at different folic acid concentrations:

FA Conceniration Precentage of
[nM] Survival

0.1 2.08

1 245

3 2

10 27

30 6.8

100 55.5

300 88.6
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These results indicate that for this specific host cell line folic acid concentrations below 100
nM, preferably below 30 nM should be suitable to generate significant selection pressure

for folic acid receptor based selection of stably transfected cells.

Example 1.3: Transfection and Selection
Cells are transfected by electroporation either with the test vecior containing a hFRalpha

(hFRa) expression cassette or the control vector lacking the hFRalpha hFRa. The
transfectant cells are subsequently grown under suspension culture conditions in 125 ml
shake flasks in medium supplemented with an appropriate concentration of glutamine and
2.3 pM (microM) folic acid. Forty eight hours after transfection, cells are transferred to a
medium containing a limited amount of folic acid, namely 10 nM or 1 nM folic acid to initiate
the selection process according to the invention in 24-well plates for samples transfected
with the test vector. In addition, cells transfected with the control plasmid are selected by
adding a selection agent, namely 0.8 mg/mL G418, to a medium containing 2.3 M
(microM) folic acid (i.e. control 1) or cultured in the absence of any selection (i.e. controf 2).
Cells which have successfully recovered from this selection scheme are transferred fo 6-
well piates and further expanded in shake flasks for analysis of antibody production leveis.

Example 1.4: Analysis of antibedy production
From the transfectant and folic acid deprived cell populations, overconfluent batch cultures

in shake flasks are prepared to analyze antibody expression levels. Cells are seeded at
2x10° cells/mL in medium containing 2.3 uM (microM) folic acid and incubated under
suspension culture {i.e. shaker) conditions. At day 14, the supernatant of the cell culture is
harvested and analyzed for antibody levels using a protein-A HPLC methodology, i.e. an
affinity-type of purification. lgG molecules specifically bind to the column, mainly via their
Fc-part, while other proteins pass the column without interacting with the matrix. Under low
pH conditions, captured 1gG proteins are eluted from the column, quantified via UV

absorption measurement, and, where necessary, further purified and isclated.

Example 1.5: Results




65707580 Asp His cys Ay Lys Met Gu Pro Ala Cys Lys Arg His Phe Ile
G n 859095 Asp Thr Cys Leu Tyr Gu Cys Ser Pro Asn Leu Gy Pro Trp
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Trp Trp Qu § His Thr Ser H's 130135140 Thr cys L

Hs Arg Gy Trp Asp Trp Thr Ser @y Val2m45150155160 ASR Lys Cys Pro
Ala Ay Ala Leu CS Arg Thr Phe A u Ser Tyr Phe 165170175 Pro Thr Pro
Ala Ala Leu Cys Qu Ay Leu Trp Ser H's Ser Tyr Lys 180185190 val Ser

Asn Tyr Ser e@intbihiSepprédcy isto @rokis a blodf dBictndbittthal & foldB 8ene, in particular the
hFRaipha (hFRa) gene, can serve as a selectable marker under conditions of folate
deprivation thereby selecting cells that co-overexpress a product of interest., e.g a
monaclonal antibody. As a contral, a vector containing a neomycin-resistance gene as a
selectable marker is also used. After transfection, cells are subjected to a stringent
selection by abruptly reducing the folic acid concentrations in the medium from 2.3 uM
{microM) to 10 nM or 1nM. Cells transfected with a plasmid harboring the folic acid receptor
readily recover under conditions of folate deprivation and can be further expanded in the
selective medium. In contrast, in the case of the control vector, the concentration of folic
acid remains unchanged, but either a selection pressure with G418 or no selection
pressure at all are applied. The selected cell populations are then analyzed for antibody
production using overgrown (i.e. overconfiuent) suspension (i.e. shake) flask cultures in
medium containing 2.3 uM (microM) folic acid. The concentration of antibody in the culture
medium is then determined at day 14. As shown in Table 1 below, cells transfected with the
plasmid containing the folic acid receptor and selected by reducing folic acid availability,
overexpress the recombinant antibody. The amount of antibody produced by these
transfectant cell populations is higher compared to the cells transfected with the contro
vector and selected with G418. As a further control, when no selection pressure is applied,
cells providing no antibody production are obtained. These data provide the proof of
concept that the current folic acid receptor gene approach can be readily applied as a
stand-alone dominant metabolic selectable marker to rapidly establish cells overexpressing

a recombinant product of interest.

Table 2: (Croic acie: cONcentration of folic acid in the medium during selection; Cg1s:
concentration of G418 in the medium during selection; C map: concentration of the secreted

antibody in the medium of overgrown cultures)

Vector Cralic acis Coats C mav
(nM) {mg/mi) {mgll)
Test vector 10 none 25
(hFRalpha 1 none 24
(hFRa))
Control vector 2300 0.8
{Neo) 2300 none
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Example 2: Recombinant antibody production levels increase as a function of the decrease

in folic acid concentration in the growth medium

Example 2.1: Expression vector
A plasmid vector (i.e. the test vector) as described in Example 1.1 above is provided.

Example 2.2: Cells and Growth Conditions
Chinese hamster ovary cells derived from strain CHO-K1 are maintained under monolayer

culture conditions in chemically defined growth medium RPMI-1640 containing 2.3 uM
{microM) folic acid. The cells are lacking RFC transporter activity, as disclosed elsewhere
(Assaraf, Y.G. and Schimke, R.T. (1987) Proc. Nall. Acad. Sci. USA 84, 7154-7158;
Rothem, L., et al., Mol. Pharmacol. 68 616-624). Such a RFC-deficient cell is used to avoid
a potential by-pass of the folic acid starvation by this further carrier system in this example.

Example 2.3: Transfection and Selection
RFC-deficient C15 cells are transfected with the test vector by electroporation. Forty eight

hours after transfection, cells are propagated in folic acid-free medium supplemented with
30 nM folic acid in order to promote the expression of both the selectable marker as well as
the recombainant antibody and subseqeuntly subjected for dilution cloning. Cells are diluted
to a final density of 5 cells/ml and seeded at 100 pl/well in 96-well plates (i.e. 0.5 cells/well).
Clones are then maintained in a medium containing 0.25 nM felic acid and 500 pg/ml G418,
The co-selection utilizing the folate system of the present invention together with an
additional selection system (i.e. neo/G418) is applied to provide optimal performance of the
selection process. Clones with the highest levels of antibody production are then grown
under low folic acid concentrations {i.e. 1200 pM, 600 pM, and 60 pM) to further support
and establish antibody overexpression. This is corroborated by further analysis of antibody

expression in the various clones.

Example 2.4: Analysis of anfibody production



245 <212> PRT <213> Hono sapi ens <400> 3

WO 2009/080759 PCT/EP2008/068046
_oD.

The analysis of antibedy production is performed in principle as outlined in Example 1.4
above. The concentration of the secreted antibody is monitored using an ELISA assay as
follows: Maxisorp microplates are coated with an anti-human 1gG. Following blocking with a
buffer containing bovine serum albumin (BSA) and several washes, multiple ditutions of the
secreted antibody samples are added. Then, a peroxidase-conjugated second antibody
consisting of goat anti-human 1gG-peroxidase is added. Finally, a colorimetric peroxidase
substrate is added following which the resultant dye concentration is delermined in each
well spectrophotometrically and then compared to standard concentrations of known IgG

concentrations.

2.5 Resulis

As depicted in Table 2 below, the levels of recombinant antibody production correlate with
the stringency of folic acid deprivation. Hence, antibody production levels increase as the
concentration of folic acid concentration is decreased in the medium. These results further
corroborate the proof of concept that the hFRalpha (hFRa) gene is an efficient selectable
marker that can be used for the overexpression of recombinant proteins under conditions of

folate deprivation.

Table 3: (Cruiic acie: cONcentration of folic acid in the medium; C nap: concentration of the

secreted antibody in the medium)

Crolic acid C man
(pM) (ng/L)
60 216£30
600 13815
1200 1918




Met Asp Met Ala Trp G n Met Met Gn Leu Leu Leu Leu Ala Leu Val
151015 Thr Ala Ala Ay Ser Ala @n Pro Arg Ser Ala Arg Ala Arg Thr
Asp 202530 Leu Leu Asn Val Cys Met Asn Ala Lys His H's Lys Thr Gn
Pro Ser 354045 Pro Gu Asp Qu Leu Tyr Gy @n Cys Ser Pro Trp Lys
Lys Asn Al a 505560 Cys Cys Thr Ala Ser Thr Ser A n GQu Leu H's Lys
Asp Thr Ser Arg 65707580 -1292870.txt 859095 Lys Arg Hi's Phe Ile Gn

Asp Ser

Cys Leu Tyr Qu Cys Ser Pro Asn

-3 .

THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A eukaryotic expression vector comprising a first polynucleotide encoding a functional
membrane-bound folate receptor and a second polynucleotide encoding a product of interest,
wherein the product of interest is a pharmaceutically or therapeutically active or a diagnostic
polypeptide.

2. The expression vector according to claim 1, wherein the first polynucleotide and the
second polynucleotide are under the control of distinct transcription promoters.

3. The expression vector according to claim 1, wherein said vector comprises an IRES
element functionally located between the first polynucleotide and the second polynucleotide,

4. The expression vector according to any one of claims 1 to 3, wherein the functional
membrane-bound folate receptor encoded by the first polynuclectide is selected from the
group consisting of a folate receptor alpha (FRa), a folate receptor beta (FRB), and a
functional mutant thereof.

5, The expression vector according to claim 1. wherein the functional membrane-bound
folate receptor encoded by the first polynucleotide is a human folate receptor alpha (hFRa).

6. A eukaryotic cell for which cellular viability is dependent on folate uptake, and into
which eukaryotic cell a first polynucleotide located on an expression vector and encoding a
functional membrane-bound folate receptor and a second polynucleotide located on an
expression vector and encoding a product of interest have been stably introduced, wherein
the first polynucleotide and the second polynucleotide are located on the same expression
vector or on separate an expression vectors and wherein the product of interest is a
pharmaceutically or therapeutically active or diagnostic polypeptide.

7. The eukaryotic cell according to claim 6, wherein said cell is lacking full activity of at
least one endogenous functional membrane-bound folate receptor.

8. The eukaryotic cell according to claim 6 or claim 7, wherein said first polynuclectide
encoding a functional membrane-bound folate receptor and said second polynuclectide
encoding a product of interest are located on the same expression vector.

9. The eukaryotic celi according to any one of claims 6 to 8, wherein the expression
vector is as defined in any of claims 1 to 5.
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10.  The eukaryotic cell according to any one of claims 6 to 8, wherein said eukaryotic cell

is a mammaiian cell.

11.  The eukaryotic cell according to ctaim 10, wherein said mammalian cell is a rodent
cell, preferably a CHO cell.

12. A process for production of a eukaryotic cell according to any one of claims 6 to 11,
said process comprising providing an eukaryotic cell for which cellular viability is dependent
upan folate uptake, and introducing a first polynucleotide located on an expression vector and
encoding the functional membrane-bound folate receptor and a second polynuclectide
located on an expression vector and encoding the product of interest, wherein the first
polynucleotide and the second polynuclectide are located on the same expression vector or
on separate an expression vectors.

13.  The process according to claim 12, wherein the first polynucleotide and the second
polynucleotide are located on the same expression vector.

14: The process according to claim 13, wherein the expression vector is as defined in any
one of claims 110 3.

15. A method for selection of a eukaryotic cell capable of stably expressing a product of
interest encoded by an expression vector which has been introduced into the cell, comprising
(i) providing a plurality of eukaryotic cells for which cellular viability is dependent
upon foiate uptake, and into which cells a first peolynuclectide located on an
expression vector and enceding a functional membrane-bound folate receptor
and a second polynucleotide located on an expression vector and encoding
the product of interest have been introduced, wherein the first polynucleotide
and the second polynuclectide are located on the same expression vector or
on separate expression vectors,
(i) culturing said plurality of eukaryotic cells in a cell culture medium having a
limiting concentration of a folate, thereby obtaining a eukaryctic cell wherein
stable expression of the product of interest is achieved.

16. The method according to claim 15, further comprising identifying and isclating a
eukaryotic cell wherein stable expression of the product of interest is achieved.

17.  The method according to claim 15 or claim 16, wherein the plurality of eukaryotic cells
is composed of eukaryotic cells as defined in any one of claims 6 to 11,
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18. A process for production of a product of interest, comprising

(i performing a method of selection according to any one of claims 15 to 17,
(i) and isolating the product of interest from said cell culture medium or from said
cell.

18. Use of a functional membrane-bound folate receptor that is introduced via an
expression vector as a selection marker for selection of a eukaryotic cell, for which eukaryotic
cell cellular viability is dependent on the uptake of folate, and which eukaryotic cell is stably
expressing a recombinant product of interest, wherein the product of interest is a
pharmaceutically or therapeutically active or a diagnostic polypeptide.

20. The use according to claim 19, wherein the folate receptor is selected from the group
consisting of the folate receptor alpha (FRa), the folate receptor beta (FRB), and a functional
mutant thereof and preferably is the human folate receptor alpha (hFRa)





